Introduction
Substituted acetamides of the type R 1 CH 2 CONHR 2 , where R 1 and R 2 are aromatic substituents, are of interest as they have some resemblance to benzyl penicillins (Pitt, 1952; Csö regh & Palm, 1977; Kojić-Prodić & Rużoć-Toroš, 1978; Mijin & Marinkovic, 2006; Mijin et al., 2008) . We report here the molecular structures and supramolecular assembly of four closely related amides, namely N-(4-chloro-3-methylphenyl)-2-phenylacetamide, (I), N-(4-bromo-3-methylphenyl)-2phenylacetamide, (II), N-(4-chloro-3-methylphenyl)-2-(2,4dichlorophenyl)acetamide, (III) , and N-(4-bromo-3-methylphenyl)-2-(2-chlorophenyl)acetamide, (IV) (see Scheme 1).
The purposes of this study are: (i) the comparison of the molecular conformations and the supramolecular assembly across a series of amides of the type R 1 CH 2 CONHR 2 , where R 1 and R 2 represent either phenyl (in the case of R 1 ) or halogeno-substituted phenyl groups (for both R 1 and R 2 ), including not only compounds (I)-(IV), but also their recently reported analogues (V)-(VII) (see Scheme 1); (ii) the extension of this comparison of supramolecular assembly patterns to include analogues where R 1 represents the naphthalen-1-yl unit, (VIII)-(XI) (see Scheme 2), where there is greater scope for the occurrence ofstacking interactions. Compounds (V)-(XI) have all been the subjects of individual structure reports, some of them quite brief, and no comparisons between them have been drawn. Accordingly, it is worthwhile to draw together these disparate structural reports for the purposes of comparison, and this we undertake here. We also briefly consider the effects on the supramolecular assembly when R 2 represents an N-heterocyclic group, thereby intro-ducing into the molecular constitution one or more further potential hydrogen-bond acceptors. Compounds (I)-(IV) were all prepared by a condensation reaction between a substituted aniline and either phenylacetic acid, for compounds (I) and (II), or a substituted phenylacetic acid, for compounds (III) and (IV), using a tenfold molar excess of 3-[3-(dimethylamino)propyl]-1-ethylcarbodiimide hydrochloride as the amide coupling agent.
Experimental

Synthesis and crystallization
For the synthesis of compounds (I)-(IV), a mixture of 1 mmol each of the appropriately substituted phenylacetic acid and aniline precursors was dissolved in dichloromethane (20 ml) in the presence of 3-[3-(dimethylamino)propyl]-1ethylcarbodiimide hydrochloride (1.0 g, 10 mmol) and triethylamine (2 mmol). The mixtures were stirred at 273 K for 3 h, and then each was poured with stirring into an ice-cold aqueous hydrogen chloride solution (100 ml of 10% solution). The resulting mixtures were extracted with dichloromethane (3 Â 20 ml); each of the combined organic extracts was then washed with an excess of aqueous sodium hydrogen carbonate solution and with brine, after which the solvent was removed under reduced pressure. Slow evaporation, at ambient temperature and in the presence of air, of solutions in methanol gave colourless crystals of compounds (I)-(IV) suitable for single-crystal X-ray diffraction. Compound (I): yield 77%, m.p. 397-399 K; analysis found: C 69.3, H 5.5, N 5.4%; C 15 H 14 ClNO requires: C 69.4, H 5.4, N 5.4%.
Compound (II): yield 78%, analysis found: C 59.2, H 4.7, N 4.6%; C 15 H 14 BrNO requires: C 59.2, H 4.6, N 4.6%. Compound (III) : yield 80%, analysis found: C 54.8, H 3.7, N 4.2%; C 15 H 12 Cl 3 NO requires: C 54.8, H 3.7, N 4.3%. Compound (IV) : yield 83%, m.p. 454-456 K; analysis found: C 53.2, H 3.9, N 4.2%; C 15 H 13 BrClNO requires: C 53.2, H 3.9, N 4.1%.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were located in difference maps and then treated as riding atoms, with C-H = 0.95 (aromatic), 0.98 (CH 3 ) or 0.99 Å (CH 2 ) and N-H = 0.88 Å , and with U iso (H) = kU eq (N,O), where k = 1.5 for the methyl groups, which were permitted to rotate but not to tilt, and 1.2 for all other H atoms. For compound (IV), the lowangle reflection 200, which had been attenuated by the beam stop, was omitted from the final refinement. The absolute configuration of (III) in the crystal selected for data collection was established by means of the Flack x parameter (Flack, 1983 ), x = 0.02 (4), calculated by the use of 697 quotients [(I+)À(IÀ)]/[(I+)+(IÀ)] (Parsons et al., 2013) .
Results and discussion
Compounds (I) ( Fig. 1 ) and (II) (Fig. 2) are isostructural in the space group P1, while compounds (III) ( Fig. 3 ) and (IV) ( Fig. 4 ) both crystallize in monoclinic space groups, viz. P2 1 and P2 1 /c respectively. Compound (V) also crystallizes in P2 1 /c (Fun, Shahani et al., 2012) , while compounds (VI) (Praveen et al., 2013b) and (VII) (Praveen et al., 2013a) are isostructural in the space group P2 1 2 1 2 1 , although neither of The molecular structure of compound (II), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 1
The molecular structure of compound (I), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level. the original structure reports on (VI) and (VII) mentioned the other.
The 4-halogeno-3-methylphenyl units in compounds (III) and (IV) adopt a different orientation from those in compounds (I) and (II), corresponding to a rotation of approximately 180 around the N1-C11 bond (cf. Figs. 1-4). Apart from this difference, however, the molecular conformations of compounds (I)-(VII) are all very similar, as demonstrated by the torsion angles ( (7) 11.8441 (7), 4.7288 (3), 13.0981 (7) 11.8458 (8) (Agilent, 2012) , CrysAlis RED (Agilent, 2012) , SUPERFLIP (Palatinus & Chapuis, 2007) , SHELXL2014 (Sheldrick, 2008 (Sheldrick, , 2014 and PLATON (Spek, 2009).
Figure 4
The molecular structure of compound (IV), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 3
The molecular structure of compound (III), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level. À173.6 (5) 138.7 (6) À175.4 (5) 83.5 (7) 66.4 (3)
Notes: 1 represents the torsion angle C2-C1-N1-C11; 2 represents the torsion angle C1-N1-C11-C12 for compounds (I) and (II), and the torsion angle C1-N1-C11-C16 for compounds (III) and (IV); 3 represents the torsion angle N1-C1-C2-C21; 4 represents the torsion angle C1-C2-C21-C22; 5 represents the dihedral angle between the two ring planes. For compounds (V)-(VII), the original atom numbering has been modified to match that in compound (I).
orientation of the phenyl and benzyl substituents relative to the central trans-planar amide unit. The conformational similarity is confirmed by the narrow range spanned by the dihedral angle between the two aryl rings in each compound, ranging from 60.1 (2) in compound (IV) to 72.03 (14) in compound (II). The molecular conformations in (I)-(VII) thus appear to be largely independent of the number, nature and location of the halogeno substituents. The molecules of compounds (I)-(VII) are all conformationally chiral, and the centrosymmetric space groups for compounds (I), (II), (IV) and (V) confirm that equal numbers of the two conformational enantiomers are present in each case. For compounds (III), (VI) and (VII), on the other hand, which all crystallize in Sohncke space groups, only one conformational enantiomer is present in each crystal, provided that these crystals are untwinned, which appears to be the case for all of them. For each of these compounds, the absolute configuration of the molecules in the crystal selected for data collection was established by means of the Flack x parameter (Flack, 1983; Parsons et al., 2013) , but it seems probable that all three crystallize as conformational conglomerates, rather than as conformational racemates, as for compounds (I), (II), (IV) and (V).
In each of the isomorphous compounds (I) and (II), molecules related by translation are linked by N-HÁ Á ÁO hydrogen bonds (Table 3 ) to form C(4) (Bernstein et al., 1995) chains running parallel to the [100] direction. These chains are modestly reinforced by a C-HÁ Á Á(arene) interaction, also involving molecules related by translation, so forming a chain of rings ( Fig. 5 ). Two chains of this type pass through each unit cell, but there are no direction-specific interactions between adjacent chains. The molecules in compounds (III) and (IV) are also linked into C(4) chains by N-HÁ Á ÁO hydrogen bonds, in each case running parallel to the [010] direction. Despite the presence of 2 1 screw axes in (III) and (IV), the chains again comprise molecules related by translation. However, the intermolecular C-HÁ Á Á(arene) contacts in (III) and (IV) have rather long HÁ Á ÁCg distances and small C-HÁ Á ÁCg angles (Table 3) , and they are probably not structurally significant. Hence, the supramolecular assembly in each of (III) and (IV) consists of simple C (4) Table 3 Hydrogen bonds and short intermolecular contacts (Å , ) for compounds (I)-(IV).
Cg1 represents the centroid of the C21-C26 ring. 
Figure 5
Part of the crystal structure of compound (I), showing the formation of a hydrogen-bonded chain of rings parallel to [100] . Hydrogen bonds are shown as dashed lines and, for the sake of clarity, H atoms bonded to C atoms other than C2 have been omitted. Cl atoms marked with an asterisk (*) or a hash (#) are at the symmetry positions (x + 1, y, z) and (x À 1, y, z), respectively.
Figure 6
Part of the crystal structure of compound (III), showing the formation of a C(4) hydrogen-bonded chain parallel to [010] . Hydrogen bonds are shown as dashed lines and, for the sake of clarity, H atoms bonded to C atoms have been omitted. Cl atoms marked with an asterisk (*) or a hash (#) are at the symmetry positions (x, y À 1, z) and (x, y + 1, z), respectively.
rather than chains of rings; again, there are no directionspecific interactions between adjacent chains. In the structure of compound (IV), there is a short intermolecular BrÁ Á ÁBr contact between inversion-related molecules, with Br14Á Á ÁBr14 i = 3.4303 (8) Å and C14-Br14Á Á ÁBr14 i = 158.60 (13) [symmetry code: (i) Àx + 1, Ày + 2, Àz]. A database study of the angular distribution of such contacts (Ramasubbu et al., 1986) has shown that the C-XÁ Á ÁX angles (where X = Cl, Br or I) are clustered either around 100 or around 165 , and the angle observed in compound (IV) is consistent with this finding. Although the observed BrÁ Á ÁBr distance in (IV) is shorter that the conventional sum of van der Waals radii (3.70 Å ; Rowland & Taylor, 1996) , a database study of the nonbonded distances in such contacts (Nyburg & Faerman, 1985) found that atoms such as halogens bonded to C atoms do not behave in this context as though they were spherical, but instead they behave as oblate ellipsoids, with the major axis normal to the direction of the C-X bond and the minor axis parallel to the C-X bond. For Br, these characteristic radii were found to be 2.01 and 1.64 Å , respectively, and, on this basis, the observed BrÁ Á ÁBr distance in compound (IV) does not seem to be exceptional.
Simple C(4) chains containing molecules related by translation are also found in compounds (V)-(VII). In compound (V) (Fun, Shahani et al., 2012) , the chains run parallel to [010] in P2 1 /c, as in (IV), while in isostructural compounds (VI) and (VII) (Praveen et al., 2013a,b) the chains run parallel to the [100] direction.
Unlike compounds (I) and (II), compounds (VIII) (Fun, Quah et al., 2012) and (IX) (Fun et al., 2011a ) (see Scheme 2) are not isostructural, although in each pair the analogues differ only in that compounds (II) and (IX) contain a bromo substituent in place of the chloro substituent in each of compounds (I) and (VIII). Compounds (VIII) and (IX) crystallize in the space groups P2 1 /c and Pbca, respectively, and, whereas in (VIII) molecules related by translation are linked into simple C(4) chains by N-HÁ Á ÁO hydrogen bonds, in (IX) molecules related by a b-glide plane are linked by N-HÁ Á ÁO hydrogen bonds modestly reinforced by C-HÁ Á ÁO hydrogen bonds to form a C(4)C(4)[R 1 2 (6)] chain of rings. In each of compounds (X) (Praveen et al., 2011) and (XI) (Fun et al., 2011b) , molecules related by n-glide and c-glide A stereoview of part of the crystal structure of compound (X), showing the formation of a -stacked sheet of hydrogen-bonded chains parallel to (010). The original atomic coordinates (Praveen et al., 2011) have been used. Hydrogen bonds are shown as dashed lines and, for the sake of clarity, H atoms not involved in the motif shown have been omitted.
Figure 9
A stereoview of part of the crystal structure of compound (XI), showing the formation of a -stacked sheet of hydrogen-bonded chains parallel to (010). The original atomic coordinates (Fun et al., 2011b) have been used. Hydrogen bonds are shown as dashed lines and, for the sake of clarity, H atoms not involved in the motif shown have been omitted.
Figure 7
Part of the crystal structure of compound (IV), showing the formation of a C(4) hydrogen-bonded chain parallel to [010] . Hydrogen bonds are shown as dashed lines and, for the sake of clarity, H atoms bonded to C atoms have been omitted. Cl atoms marked with an asterisk (*) or a hash (#) are at the symmetry positions (x, y À 1, z) and (x, y + 1, z), respectively. planes, respectively, are linked by N-HÁ Á ÁO hydrogen bonds to form C(4) chains running parallel to [101] and [001] respectively. In addition, there are two aromaticstacking interactions in each structure, although these were not mentioned in the original structure reports. In each case, one such interaction reinforces the hydrogen-bonded chains and the other links these chains into sheets which lie parallel to (010) in both structures ( Figs. 8 and 9 ).
The C(4) motif found in compounds (I)-(XI) appears to be characteristic of amides containing only hydrocarbyl substituents from which other potential hydrogen-bond acceptors are absent (Kashino et al., 1979; Bowes et al., 2003; Kumar et al., 2004; Garden et al., 2005; Cuffini et al., 2006; Wardell et al., 2006) . It is noteworthy that in each of compounds (I)-(VII) the repeat vector parallel to the direction of the chain is short, ranging from b = 4.7282 (3) Å in compound (IV) to a = 5.0039 (7) Å in compound (I), and this behaviour is also found in compound (VIII), where b = 5.0458 (11) Å . However, in the other naphthalenyl derivatives, i.e. compounds (IX)-(XI), the repeat distance parallel to the chain direction is very much longer (>9 Å in each case) and in each the chain consists of molecules related by glide planes, rather than by pure translation as in compounds (I)-(VIII).
When, however, the N-aryl group is replaced by a nitrogencontaining heterocyclic unit (Nayak et al., 2013 (Nayak et al., , 2013a , N-HÁ Á ÁO hydrogen bonds are absent from the structures and the supramolecular assembly is determined by N-HÁ Á ÁN hydrogen bonds together with some combination of C-HÁ Á ÁN and C-HÁ Á ÁO hydrogen bonds and, in some cases,stacking interactions. An exception is provided by the pyrimidine derivative, N-(4,6-dimethoxypyrimidin-2-yl)-2-(3methylphenyl)acetamide (Praveen et al., 2012) ; this is an example of a cis-amide (although, unfortunately, the schematic diagram in the original structure report depicts this as a trans-amide) and inversion-related pairs of N-HÁ Á ÁO hydrogen bonds link pairs of molecules into centrosymmetric R 2 2 (8) dimers.
BN thanks the UGC for financial assistance through BSR for the purchase of chemicals. PSN thanks Mangalore University for research facilities and DST-PURSE for financial assistance. JPJ acknowledges the NSF-MRI program (grant No. CHE-1039027) for funds to purchase the X-ray diffractometer. ) N-(4-Bromo-3-methylphenyl) 
(I) N-(4-Chloro-3-methylphenyl)-2-phenylacetamide
O1-C1-N1-C11 −3.2 (5) Cl14-C14-C15-C16 −179.6 (2) C2-C1-N1-C11 175.8 (3) C12-C11-C16-C15 −0.1 (4) O1-C1-C2-C21 −19.4 (5) N1-C11-C16-C15 −178.1 (3) N1-C1-C2-C21 161.5 (3) C14-C15-C16-C11 −0.3 (5) C1-N1-C11-C16 −37.5 (4) C1-C2-C21-C22 109.2 (4) C1-N1-C11-C12 144.4 (3) C1-C2-C21-C26 −71.5 (4) C16-C11-C12-C13 0.2 (4) C26-C21-C22-C23 0.9 (5) N1-C11-C12-C13 178.4 (3) C2-C21-C22-C23 −179.8 (3) C11-C12-C13-C14 −0.1 (4) C21-C22-C23-C24 −0.5 (5) C11-C12-C13-C17 179.4 (3) C22-C23-C24-C25 0.2 (5) C12-C13-C14-C15 −0.2 (4) C23-C24-C25-C26 −0.3 (5) C17-C13-C14-C15 −179.7 (3) C24-C25-C26-C21 0.7 (5) C12-C13-C14-Cl14 179.8 (2) C22-C21-C26-C25 −1.0 (5) C17-C13-C14-Cl14 0.3 (4) C2-C21-C26-C25 179.7 (3) C13-C14-C15-C16 0.4 (5)
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq C1 0.2977 (5) 0.7638 (2) 0.5510 (2) 0.0290 (5) ) N-(4-Chloro-3-methylphenyl)-2-(2,4-dichlorophenyl) acetamide (7) 0.0257 (7) 0.0016 (7) ) N-(4-Bromo-3-methylphenyl)-2-(2-chlorophenyl) Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 
